Sixty mature (4 to 6 yr), nonpregnant, nonlactating beef cows of two breed types, Angus (n = 30) and Simmental (n = 301, were used in a four-period, split-plot study (371 d) to determine the seasonal differences in body composition. Periods were chosen to represent each of the four seasons in one year that ran consecutively from June 14, 1986 to June 20, 1987. Initially, all cows were assigned randomly within breed type to one of four feeding levels based on the cows' estimated maintenance requirement (75, 87.5, 112.5, and 125% of weight maintenance) and were rotated such that all animals were fed at all four feeding levels during the course of the study. Body composition was estimated via isotope dilution initially and at the end of Periods 1 through 3 and via derived regression relationships after Period 4. Body composition differed by breed; Simmental cows had greater (P c ,051 amounts of empty body protein (79.4 vs 55.8 kg, respectively) and less (P c .05) empty body fat (85.3 vs 93.9 kg, respectively) than the Angus cows. These differences also were apparent when expressed as a percentage of live weight. Season altered components of the empty body. On the average, both breeds mobilized (P c .051 empty body protein (-3.6 and -5.4 kg for Angus and Simmental cows, respectivelyl in the summer while simultaneously gaining ( P c .05) empty body fat (15.3 and 30.1 kg for Angus and Simmental cows, respectively). Both breeds subsequently tended to gain empty body protein in the winter and spring. Body composition differed with season, perhaps due to differences in priorities for deposition or mobilization of protein vs fat of mature beef cows. Therefore, nutrient requirements may differ with season due to changes in body composition and tissue exchange.
Introduction
The energy required for maintenance can be influenced by the relative amounts of protein and fat tissue of the animal and by the site of fat deposition (Goodrich et al., 1985) . This reflects differences in the energetic efficiency of fat and protein tissue deposition and differences in the relative metabolic activity of these tissues. J. Anim. Sci. 1992 . 70:1950 -1956 nance needs are correlated positively with amount of body protein (Ferrell et al., 1979; Ferrell and Jenkins, 19851. Mature cows of several breed types differ in body composition and in the rate of deposition or mobilization of body tissue (Royal Smithfield Club, 1966;  Goodrich et al., 1985) . As a result, they have different energy requirements for maintenance. Further, body composition in the mature beef cow is not static, but changes in response to environmental conditions such as photoperiod, temperature, and humidity (Webster et al., 1982;  Byers et al., 19851 . In assessing these changes in body composition, it is desirable to use easily obtainable animal measurements, as opposed to more direct measurements of body composition. The present study was designed to assess the effect of breed type and season on body composition of mature beef cows and to determine the relationship of easily obtainable animal measurements to other body composition estimates.
Materials and Methods
This study was conducted at the Texas A&M Agricultural Research Center located near McGregor, TX. The study was composed of four periods (1 to 4) running consecutively from June 14, 1986 through June 20, 1987 (371 d) . The lengths of the periods were set to reflect the seasons of the year. Period 1 (summer) was from June 14 through September 13, 1986 (91 Laurenz et al. (1991) .
Sixty mature (4 to 6 yr), nonpregnant, nonlactating beef cows were used in this study. Simmental (n = 30) and Angus (n = 30) cows were chosen to represent two distinctly different biological types of beef cattle with respect to milk production and mature size. The animals used in this study were selected from a group of 80 cows procured from two locations. Forty Simmental cows were obtained from a ranch near Sedalia, MO. These cows had calved 2 to 3 mo before purchase and calves were weaned approximately 2 mo before initiation of this study. Forty Angus cows were procured from a ranch in western Texas. These cows were transported to the McGregor Research Station approximately 7 mo before initiation of the study. Upon arrival at the research station, all cows were given Fenprostalene (1 mg s.c.; Syntex, Des Moines, IA) to abort any cows that were pregnant; cows were pastured awaiting initiation of the study. One month before the start of the study, 60 cows (n = 30 for each breed) selected for uniform weight, height, fat thickness, and condition score were placed by breed into pens (four animals per pen; 15 pens). Pens, 5 x 10 m, had a roof, concrete floors, waterers, and four individually controlled electronic gate feeders per pen. In the month preceding initiation of the study, the cows were trained to eat from electronic (American Calan, Northwood, NH) gates and the amount of feed needed to maintain live BW was estimated.
At initiation of the study, all cows were assigned randomly, within breed type, to one of four feeding levels (75, 87.5, 112.5, and 1259'0 of each cow's estimated maintenance requirement). Feeding levels were assigned such that in each period, onehalf of each breed type was fed above maintenance and one-half was fed below maintenance. Therefore, two groups of seven and two groups of eight cows were established for each breed and rotated through feeding levels. At the end of each period, the animals were rotated following a specific regimen (75% -+ 112% -+ 87.5% + 125% + 75%) such that all animals were fed at each feeding level during the course of the study.
Animals were fed the prescribed amount of feed once daily at approximately 0800. The diet fed was similar to that used in previous research at this location (Solis et al., 1988) ; it contained 70% cottonseed hulls, 15% cottonseed meal, 9 % ground sorghum milo, 4 % sugarcane molasses, and 2 % vitamin and mineral premix (Laurenz et al., 1991) . After feeding (between 1000 and 1100), cows were moved to barren exercise lots, where they remained until the next morning.
Animals were dewormed at the initiation of each period and treated for health problems as appropriate. Any medication that could disrupt normal body water metabolism (retention or excretion) or tissue metabolism during treatment periods was not used. In Period l , one Angus cow was removed due to pregnancy, and in Period 4 one Simmental cow was removed due to inappetence.
At 28-d intervals during each period, each animal was weighed, measured for hip height, and scored for condition before the morning feeding. Condition scores (1 to 9) were assigned; a score of 1 represented a very emaciated animal, and a score of 9 represented an obese animal. At this time, slight adjustments were made to individual feeding levels to ensure that desired weight changes occurred within a period. These small adjustments were implemented to ensure that the average weight of cows for each breed remained approximately constant during each period.
Body composition was estimated at the beginning of the study and at the end of the first three periods using deuterium oxide (D201 in an isotope dilution procedure (Byers, 1979a,b; Ferrell and Jenkins, 1984) . On the days of D20 infusion, the cows were not fed until after blood samples were collected. The cows were allowed constant access to water. Blood samples were collected, lyophilized, and analyzed for D 2 0 via infrared spectrophotometry (Byers, 1979a) . Total body water was estimated from the intercept of the semi-log regression of D 2 0 concentration vs time using the 4 to 6, 24, 48 , and 72 h sample concentration divided into dose; empty body water was estimated with the same approach using the 20 to 80 min samples. Equations of Byers and Schelling (19861, which were developed to include mature cows, were used to estimate empty BW and components from these water spaces.
Composition of lean body mass was assumed to be constant. Subcutaneous fat thickness was measured at the beginning and end of each period (five measurement dates) using a Technicare 2 lODX (Corometrics Medical Systems, Wallingford, CT) real-time, linear-array ultrasound scanner with a 5-MHz transducer. Fat thickness was determined at a site over the longissimus muscle between the 12th and 13th rib, because a previous study with these animals indicated that this site correlated best with condition score and with weight:height ratio (Laurenz et al., 19861. Body composition for each animal on Measurement 5 (end of Period 41 was determined from equations developed through regression analysis based on body composition estimates over the first four periods with breed included as the main effect and weight:height*breed, condition score, and fat thickness included as covariates. This technique was used because one of the project objectives was to develop these equations and because D20 was not available at the final measurement time. The initial model included main effects and all interactions; nonsignificant terms were deleted. Final models for percentage of empty body protein and fat included weight:height*breed, condition score, and fat thickness; the model for empty body weight included live weight in addition to these variables.
Statistical analyses were conducted using the SAS (1982) GLM procedure for determining least squares means with unequal sample size, for analyzing composition over time as influenced by breed in a split-plot design. Main effects of breed were tested using cow(breed1 as the error term. All other effects were tested with the residual error. Means were separated with Fisher's protected lsd method (SAS, 1982) .
To assess more specifically the role of season in priorities for protein and fat storage or retrieval, rates of change in protein and fat (kilograms per day1 during each period were analyzed using GLM models that included breed, season, rate of empty body weight change, and all interactions. The effect of breed was tested using the cow(breed1 error term. Nonsignificant effects ( P > .05) were deleted from final models.
Results and Discussion
Angus and Simmental cows had similar mean (Table 11 fat thickness measurements over the entire experimental period, but on the average, Angus cows had higher ( P < ,051 condition scores and percentage of fat and lower ( P < .05) weight: height ratios than the Simmental cows. As a consequence, the relationship of weighkheight to measures of fatness differed between breeds. Daily ME intake ( k~a l / k g .~5 , weight being the average of initial and final weights for each period) (monitored and adjusted for each animal at 28-d intervals to maintain breed average weight; Laurenz et al., 19911 averaged 121.6, 96.2, 108.8, and 106.1 for Angus and 153.9, 120.5, 128.4, and 128.9 for Simmental in summer, fall, winter, and spring seasons, respectively; means were greater (P < ,051 for Simmental than for Angus. Angus cows were similar in condition score at Measurements 1, 2, 3, and 5 , with a slight increase a t Measurement 4; Simmental cows gradually increased ( P < ,051 in condition score during the study.
Body composition at Measurements 1 to 4 were determined via an isotope dilution procedure using D20. Regression equations ( Table 2) were developed with the GLM procedure between these body composition estimates and concurrent measures of animal condition; these were used to predict body composition for the final date. The breed x weight:height interaction was significant ( P < ,051, indicating that slopes for weighkheight differed between breeds; interactions between breed and fat thickness or breed and condition score were not significant. Empty BW was predicted well (R2 = .98) from these animal measurements. In both breeds of cattle, the highest correlation was between percentage of empty body fat and weight:height ratio (r = .81 and .61 for Angus and Simmental cows, respectively). Percentage of empty body fat also was correlated with fat thickness (r = .56 and .40 for Angus and Simmental cows, respectively) and condition score (r = .60 and .43 for Angus and Simmental cows, respectively). The prediction equations for protein and fat as a percentage of live weight accounted for 55 and 6 1 O / 0 of the variation in animal body composition and provided useful estimates of protein and fat at Measurement 5. These equations for percentage of protein and fat were generally similar to equations developed by Ferrell and Jenkins (1984) . They included weight, height, and backfat thickness and accounted for similar amounts of the total variation in percentage of protein and percentage of fat (R2 = .58 and .64, respectively). The slopes associated with fat thickness in this study were similar to those obtained by Ferrell and Jenkins (19841, -2.39 for percentage of protein and 9.01 for percentage of fat, respectively.
Body composition estimates for both breeds during the entire study and by period are presented in Table 3 . As expected, Simmental cows had greater ( P < ,051 live and empty BW than Angus cows. Simmental cows had greater (P < .05) quantities of empty body protein but less ( P < .051 empty body fat than Angus cows. As a fraction of empty BW the Simmental cows consequently had a higher ( P < .05) percentage of protein (15.7 vs 14.4%; SE = .11) and a lower (P < .05) percentage of fat (16.7 vs 23.8%; SE = .48). The differences in relative amounts of the empty body components between breeds in this study are similar to those observed by Ferrell and Jenkins (1984) for AngusHereford vs Simmental-Angus x Hereford cows: percentage of fat was greater for the AngusHereford cows and percentage of protein was f,gOverall means within columns bearing different superscript letters differ (P < .05).
greater for the Simmental-Angus x Hereford cows. Solis et al. (19881, using Angus cows in body conditions similar to the cows in this study, reported values for percentage of protein and fat (17.2 and 21.8%) similar to those derived in this study. The higher percentage of protein and lower percentage of fat of the Simmental cows vs the Angus cows is consistent with previous data for mature cows of these breed types. Simmental cows had greater ( P e .05) live weights, empty BW, and more empty body protein than the Angus cows on all measurement dates. Angus cows tended to have more fat than Simmental cows at all times; this difference was greatest at Measurement 1 but significant ( P < .05) at Measurements 1 and 4. During the year, both breeds increased in fat, with no net change in protein. Although feeding levels on the average allowed both breeds of cattle to maintain live weight and empty BW in the summer, both breeds lost protein during the summer period and then regained it in subsequent periods to end with quantities of protein similar to those present initially (Table 3 ). This phenomenon also has been observed in previous research (Solis et al., 1988) .
As indicated by the changes across measurement date, season had a substantial impact on live weight, empty BW, and components of the empty body in both breeds of cattle (Table 3) . Although live weight gain was greater ( P < .05) in the fall for Simmental than for Angus cows (13.0 vs -1.7 kg), both breeds changed similarly in live weight in the other periods, increasing ( P < ,051 in the winter (16.0 and 23.5 kg for Angus and Simmental cows, respectively), with small changes in both breeds in the summer and spring. This tendency indicated that feeding levels in the winter were in excess of animal requirements for weight maintenance, even though daily ME intakes were less (Laurenz et al., 1991) than in the summer period (128.4 vs 153.9 k~a l / k g~~) .
The changes in live weight by period were followed very closely by changes in empty BW (Table 3, Figure 1 ). As with live weight, both breeds of cattle had the greatest increase in empty BW in the winter, and changes in empty BW during the summer, fall, and spring were similar in the two breeds. The close correlation (r = ,911 between changes in live weight and empty BW in both breeds indicated that most of the change in live weight was associated with changes in the components of the empty body as opposed to period effects on gastrointestinal fill of the animals.
Season also had a significant influence on the components of the empty body. On the average, Angus cows mobilized empty body protein ( P < .05) in the summer. Body protein remained constant during the fall but it was replenished ( P < ,101 in the winter and spring. Empty body protein in the Simmental cows followed a similar trend, with a mobilization of empty body protein in the summer (-5.4 kg), deposition in the winter (3.4 kg), and little net change in the fall and spring (G.1 and .6 kg, respectively). Overall, on the average, both breeds demonstrated a cyclic nature in empty body protein, with mobilization (P < .05) in the summer and deposition ( P < ,051 of empty body protein in winter and spring. On the average, in Angus cows, empty body fat increased in summer and winter (15.3 and 13.5 kg) but remained constant during the fall and spring (.3 and -3.9 kgl. In contrast, the Simmental cows, on the average, increased ( P < .05) in empty body fat during the summer (30.1 kg) but showed little change in empty body fat in the fall, winter, and spring (5.6, 2.6, and 3.7 kg, respectively).
Rates of fat and protein exchange (kilograms per day) were predicted for cattle of each breed in each season at zero empty BW change from the GLM model, which assumes that changes were proportional and linear. In this model, breed, season, and daily empty BW change were significant effects (P c .001), but no interaction terms were significant. Thus, although both breed and season altered the rate of protein and fat deposition a t any rate of gain, neither variable modified the slope of protein or fat gain vs rate of gain. This allowed evaluation of effects of breed and season at any rate of gain in the range in this study; zero gain was selected for contrasting breed and seasonal effects on priorities for tissue exchange (Figure 2) . As is evident, extents of protein and fat storage or mobilization a t zero gain changed with season for cows of each breed.
Protein was mobilized extensively at zero weight gain in both breeds during the summer season, but mobilization was limited in the fall. Protein accretion occurred in the winter in Simmental LO20 f .008 kg/dl and in spring for Angus LO10 f .008 kg/d) a t zero weight change. In contrast, fat deposition occurred in both breeds at zero weight change during the summer. Fat deposition or retrieval at zero weight change was limited or zero for both breeds in the fall and spring. However, Angus cattle stored some fat in the winter, whereas Simmental, in contrast, retrieved fat in the winter. This suggests that these breeds may differ in priorities for fat or protein storage vs retrieval in the winter.
Changes in empty body components as influenced by season indicate that body composition changes with season differ with breed. Both breeds demonstrated retrieval of empty body protein in the summer, with storage of empty body fat at zero weight gain. These changes perhaps were related to seasonal cues for increased fat deposition and tend to support the suggestion by Webster et al. (19821 that the pattern of metabolism in domestic cattle may shift in late summer with the approach of fall and decreasing photoperiod to enhance fat deposition before the winter period. This is consistent with results of Stanisiewski et al. (19881, indicating that fat accretion has a greater priority as melatonin increases as a result of decreasing photoperiod. 
Implications
Cattle of different types change body composition and differ in LAUREN2 seasonally in priorities for storage and retrieval of fat and protein in winter. Like wildlife species, cows have a high priority for fat storage, at the expense of protein mobilization, if necessary, to prepare for the stress anticipated with decreasing photoperiod. Physiologically, this probably is mediated through melatonin, which increases as photoperiod decreases. Both breeds tested originated in regions where preparation for cold stress in short-photoperiod seasons would be advantageous. Breeds selected in less stressful environments may respond differently from the breeds included in this study.
